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Abstract 

Lupus is an autoimmune disease in animals and humans, characterized by THE production 
autoimmune antibodies against its cell proteins.  The present study investigates the liver tissue 
changes in BALB/c mice with lupus and investigates the effects of bone marrow-derived 
mesenchymal stem cells (BM-MCSs) for treatment of tissue pathological changes. We divided 
forty BALB/c mice into four equal groups for the study. G1 included mice with lupus. G2 
included mice with lupus, which were then treated by BM-MCSs. G3 are administered BM-
MCSs alone. G4 administered PBS. After ending the treatment periods, all the animals were 
sacrificed. The liver was placed in buffered formalin at 10% and sent to the histopathology 
laboratory to determine the histopathological changes in all study groups. The histopathological 
changes of G1 are liver severe necrosis with a atrophy, hydropic liver cells, very wide sinusoids, 
severe hemorrhage, and an engorged central vein. G2 showed normal liver cells with a slight 
necrosis. G3 and G4 showed the liver tissue's normal architecture. Lupus causes 
histopathological changes in the mice's liver; MSC can ameliorate and treat the liver 
histopathological changes in BLAB/c mice with lupus.  
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Introduction: 

Lupus is an autoimmune disease where the 
body's immune system targets healthy tissue 

as a result of attacking its own tissues. 
Lupus causes inflammation in many 
different tissues and organs, such as heart, 
skin, joints, lungs, and liver (1). Lupus is 
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one of the autoimmune diseases that occur 
in animals and humans and causes various 
degrees of inflammation (acute, subacute, 
and chronic) in most body tissues. The liver 
is affected by lupus and shows acute 
inflammation (2). Lupus causes autoimmune 
inflammation in most organs, including the 
liver. Furthermore, systemic lupus 
erythematosus causes an elevation of liver 
enzymes. Lupus can also cause hepatic 
vasculitis inflammation of the blood vessels 
that are related to the liver, and blood clots 
(3). 

 Some of the patients with lupus showed 
inflammation in the liver. In both children 
and adults, lupus hepatitis is linked to lupus 
The liver biopsy is the main way to detect 
lupus hepatitis.  

Typically, the inflammation is mild. 
Sometimes, lupus hepatitis leads to fatigue, 
appetite loss, pain, abdomen fluid, and 
cirrhosis (4,5). Lupus causes several 
histopathological changes in the liver, such 
as hepatitis, hepatitis, lymphoplasmacytic 
infiltrate, plasma cell infiltration, periportal 
fibrosis, nonspecific inflammatory infiltrate 
in the portal tracts and lobules, focal 
necrosis, lobular inflammation, vasculitis, 
thrombosis, infarction, hemorrhage, 
cholangiopathy, bile duct damage, and 
periductal fibrosis (6). 

 Liver involvement in lupus showed 
abnormal liver enzymes, liver function 
abnormalities, a fatty liver, and chronic 
hepatitis (7). 

 SLE causes histopathological damage to the 
liver, which includes hepatitis, cirrhosis 
development, steatosis, liver lesions, blood 

vessel lesions, and hepatotoxicity (8). In the 
first stages, lupus causes hepatic necrosis in 
women. SLE also causes abortions in 
pregnant women because of increased serum 
anti-nuclear antibodies and anticardiolipin 
antibodies (9). A Abnormalities in liver 
functions and histological changes are 
associated with SLE.Jaundice, liver 
enlargement, cirrhosis, and vascular changes 
occur at different stages of lupus 
development (10).  Cirrhosis is associated 
with lupus, but it is rare. When cirrhosis is 
occurring, a bad prognosis is indicated, 
which means an advanced stage of lupus 
(11). The study investigates the 
histopathological changes of the liver in 
mice with lupus.  BM-MSCs have the 
potential to treat various diseases. 

Materials and Methods 

The experimental animals 

Forty mice at six weeks old, with (25) grams 
on average, were provided by (Jackson 
Laboratory, USA) and housed together. 

The study design  

We have four groups of BALB/c mice; G1 is 
given Activated Lymphocyte-Derived DNA 
(50 μg/mouse) at (0, 14, 28) days (three 
doses). G2 is given Activated Lymphocyte-
Derived DNA (50 μg/mouse) at (0, 14, 28) 
days (three doses); after the clinical signs 
manifest, the antinuclear antibody ANA, and 
anti-dsDNA are determined. The positive 
ANAand anti-dsDNA SLE in G2 treated by 
MSCs (Cell Biologics company, USA) 
(100.000) cells/for 10g/IV. G3 was given 
MSCs (100.000) cells/for 10g/IV. G4. The 
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G4 (control group) given BPs. The induction 
of SLE is done according to (12). 

 

ANA and anti-dsDNA examination:  

Eliza kit ANA and Eliza kit anti-double 
strand DNA (MyBioSource, USA) are used 
for the detection of antibody levels. BM-
MSCs are provided by (Cell Biologics 
Company, USA). It is prepared according to 
the company's directions. G2 received BM-
MSCs at a dose of (100.000) cells (IV) per 
10 grams.  

The histopathological examination:  

The tissue processing involves several steps. 
Here are the general steps involved in this 
process: 

1-Fixation: The tissue sample is first 
collected and immediately placed in a 
fixative solution, which preserves the tissue 
structure and prevents degradation. 
Common fixatives include formalin, ethanol, 
and methanol. 

2-Dehydration: The tissue sample is then 
dehydrated by being immersed in a series of 
alcohol solutions with increasing 
concentrations (e.g., 70%, 80%, 90%, and 
100% ethanol) to remove the water from the 
tissues. 

3-Clearing: the tissue is cleared by xylene to 
remove alcohol. 

4-Infiltration: The tissue is put in the 
paraffin wax to support the tissue. 

5-Embedding: The tissue is put into molds 
of the paraffin wax to solidify for sectioning. 

6-Sectioning: The block is cut into (4-8) 
microns in thickness by the microtome, and 
then put on the glass slides. 

7-Staining: This step is done by using two 
stains hematoxylin and eosin, to contrast the 
different structures of the tissue. The cover 
slide put over the stained slide to make it 
easy to see under microscope. 

Results 

G1 showed severe liver necrosis, 
degenerated liver cells, very wide sinusoids, 
severe hemorrhage, liver cell loss, striation, 
engorged central vein, and liver atrophy, as 
shown in Figures (1) and (2). 

 According to G2, the liver tissue is normal, 
with a small area of necrosis and little 
eosinophilic cytoplasm, as shown in Figures 
(3) and (4). G3 showed the normal 
architecture of the liver tissue, as shown in 
Figure (5).  Finally, G4 showed that the liver 
hepatocytes have normal shape and 
architecture, as shown in Figures (6) and (7). 
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Figure (1):  shows liver severe necrosis 
(black arrow), degenerated liver cells (blue 
arrows), and wide sinusoids (yellow arrows) 
with some viable cells (red arrow). H&E, 
100X (G1). 
 

 
Figure (2): shows liver necrosis (black arrows), 
degenerated liver (blue arrow), wide sinusoids 
(yellow arrow), and viable cells (red arrow). 
H&E, 400X (G1) 

 
Figure (3): shows normal liver cells (black 
arrows), with some focal area of necrosis 
(blue arrow), and wide sinusoids. H&E, 
100X (G2). 
 

 
Figure (4): shows normal liver cells, with little 
eosinophilic cytoplasm, some necrotic liver 
cells and wide sinusoids. H&E, 400X (G2). 
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Figure (5): shows normal liver architecture in the liver section. H&E, 40X (G3). 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6): shows normal liver. H&E, 40X 
(G4) 

 

 

 

 

 

 

Figure (7): shows normal liver. H&E, 
400X (G4). 
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  Discussion 

According to the findings, G1 showed 
severe necrosis of liver tissue, degenerating 
liver cells, wide sinusoids, severe 
hemorrhage, loss of liver tissue striation, 
liver atrophy, and engorgement of the vein. 
In a study conducted in Japan on patients 
diagnosed with lupus, several 
histopathological changes of the liver were 
discovered. These changes included liver 
congestion, fatty liver, blood 
vessel inflammation of the liver, liver 
cells hyperplasia, chronic hepatitis, 
and hemangioma. In addition, the formation 
of nodular regenerative hyperplasia is seen 
in the liver of patients who have lupus 
symptoms (20).  In a study that included 47 
individuals with lupus who had liver 
function disorders and tissue abnormalities, 
the patients with active lupus had the highest 
incidence of hepatitis. These patients have 
higher leucocyte and platelet counts than 
healthy individuals (21).  
According to our results, the patients with 
treated lupus with MSCs showed liver 
necrosis with most common normal 
hepatocytes, whereas the sinusoids were 
slightly dilated. In large comparing of 
mesenchyme stem cells used in the therapy 
of hepatitis in lupus, the advantage is that 
MScs can differentiate into a variety of cell 
type and possess immunomodulation effects.  
They achieve this by rebuilding the lost liver 
tissues, as well as modulating the immune 
system to avoid autoimmune inflammation. 
Therefore, MSCs possess the ability to 

regenerate damaged tissue, thereby halting 
the progression of hepatitis and fostering 
liver restoration (22). MSCs also carry 
immunomodulatory properties and capacity 
to control immune functions through the 
process of proliferative arrest of immune 
stromal cells, including T cells and B cells. 
Also, they have the property of lowering the 
level of aqueous humor of the pro-
inflammatory cytokines.  Therefore, MSCs 
possess the ability to regenerate damaged 
tissue, thereby halting the progression of 
hepatitis and fostering liver restoration (22). 
MSCs also possess immunomodulatory 
properties and the ability to control immune 
functions through the proliferative arrest of 
immune stromal cells, including T cells and 
B cells. They also have the property of 
lowering the level of pro-inflammatory 
cytokines in the aqueous humor (23). 

In addition to being multipotent stem cells, 
they release a number of proteins and 
chemicals for human growth and tissue 
repair. These molecules were identified to 
enhance the regeneration of liver 
infrastructure and the angiogenesis of 
intrinsic liver cells, in addition to the 
management of inflammation cycles in the 
injured liver (24). MScs contributed to the 
registration of mitosis as well as apoptosis, 
whereas they also contributed to the 
synthesis of VEGF and CXCL-12, 
participating in the reconstruction of the 
damaged tissue (25They discovered that 
MSCs have the procedural capability to 
differentiate down to almost all stages of 
cellularity.  Particularly, we have defined the 
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fundamental principles regulating MSCs and 
provided examples of their involvement in 
tissue alterations and immune system 
control. Some of the diseases for which 
mesenchymal stem cells (MSCs) may be 
used for the treatment  are multiple sclerosis, 
lupus,  rheumatoid arthritis, and many others 
(26). 

Lupus could be the other potential of 
regeneration, wherein MSC could be used 
for the repair of the damage in the liver. 
Nonetheless, research completed in the 
present day reveals the fact that MSCs can 
suppress the immune system. Leucosis, on 
the other hand, is referred to as a disease that 
compromises the immune system of a 
human being through infecting healthy 
tissues like the liver, among others. On one 
front, MSCs could potentially down-regulate 
the immune response thereby tackling 
inflammation, which leads to liver damage 
(27). As previously discussed, stem cells 
discharge a large number of anti-
inflammatory molecules, whereas multiple 
sclerosis cells also discharge anti-
inflammatory entities, thereby assisting in 
the attenuation of inflammation in the liver. 
These stem cells can also be capable of 
releasing cytokines that would be useful for 
the maturation of the others into liver cells 
each time some of them are injured (28). 
SLE was associated with an elevation in 
liver diseases, which comprises aspects such 
as histological features, liver function, and 
pathological signs. The data outlined above 
were believed to have been in concordance 
with the literature cited in our study, which 
focused on hepatic histopathological 
alterations that result from lupus. This might 
be because of the characteristic of MSCs of 

transforming into hepatocyte-like cells after 
going through maturation, then 
differentiating and assimilating into the liver 
parenchyma (29). Granulation tissue that 
consists of connective tissue and blood 
vessels may form in the liver parenchyma as 
a consequence of liver injury, and may 
impair liver function. A particular type of 
cells called a multipotent stem cell has 
properties of decreasing fibrosis, 
encouraging the formation of extracellular 
matrix, and enhancing tissue healing 
processes (30). 

Conclusion  

SLE is a systemic disease that changes the 
liver histopathology in BALB/C mice. The 
changes in the liver histopathology included 
hepatocyte degeneration and necrosis, 
dilated sinusoids and severe bleeding, and 
hepatocyte atrophy. The study used the 
BLAB/C mouse model of SLE to show that 
the mesenchymal stem cell works better and 
can fix changes in the liver's histopathology. 

Conflicts of interest 

The authors declare that there is no conflict 
of interest. 

Ethical Clearance 

This work is approved by The Research 
Ethical Committee. 

References:  

1-Justiz Vaillant AA, Goyal A, Varacallo M. 
(2023). Systemic Lupus Erythematosus. In: 
StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing. 



Esmael et al., 

31 
s J Vet Res, 23(3), 2024 

2-Molina-Rios, S., Rojas-Martinez, R., 
Estévez-Ramirez, G. M., & Medina, Y. F. 
(2023). Systemic lupus erythematosus and 
antiphospholipid syndrome after COVID-19 
vaccination. A case report. Modern 
Rheumatology Case Reports, 7(1), 43-46. 

3-Selvaraja, M., Too, C. L., Tan, L. K., 
Koay, B. T., Abdullah, M., Shah, A. M., & 
Amin-Nordin, S. (2022). Human leucocyte 
antigens profiling in Malay female patients 
with systemic lupus erythematosus: are we 
the same or different?. Lupus science & 
medicine, 9(1), e000554. 

4-Losada-García, A., Cortés-Ramírez, S. A., 
Cruz-Burgos, M., Morales-Pacheco, M., 
Cruz-Hernández, C. D., Gonzalez-
Covarrubias, V., & Rodríguez-Dorantes, M. 
(2022). Hormone-related cancer and 
autoimmune diseases: a complex interplay 
to be discovered. Frontiers in genetics, 12, 
673180. 

5-Tayem, M. G., Shahin, L., Shook, J., & 
Kesselman, M. M. (2022). A review of 
cardiac manifestations in patients with 
systemic lupus erythematosus and 
antiphospholipid syndrome with focus on 
endocarditis. Cureus, 14(1). 

6-Maidhof, W., & Hilas, O. (2012). Lupus: 
an overview of the disease and management 
options. Pharmacy and Therapeutics, 37(4), 
240. 

7-Imran, S., Thabah, M. M., Azharudeen, 
M., Ramesh, A., Bobby, Z., & Negi, V. S. 
(2021). Liver abnormalities in systemic 
lupus erythematosus: a prospective 
observational study. Cureus, 13(6). 

8-Bessone, F., Poles, N., & Roma, M. G. 
(2014). Challenge of liver disease in 
systemic lupus erythematosus: clues for 
diagnosis and hints for pathogenesis. World 
Journal of Hepatology, 6(6), 394. 

9-Avijgan, M., Meidani, M., Salesi, M., & 
Rezaei, F. (2011). Hepatic Necrosis: A Main 
Presentation of Systemic Lupus 
Erythematosus in a Previously Healthy 
Woman. International Journal of Preventive 
Medicine, 2(4), 286. 

10-Afzal, W., Haghi, M., Hasni, S. A., & 
Newman, K. A. (2020). Lupus hepatitis, 
more than just elevated liver 
enzymes. Scandinavian Journal of 
Rheumatology, 49(6), 427-433. 

11-You, H., Peng, L., Zhao, J., Fei, Y., 
Wang, Q., Zhang, W., ... & Zeng, X. (2020). 
Clinical characteristics of systemic lupus 
erythematosus with cirrhosis. Journal of 
Immunology Research, 2020(1), 2156762. 

12-Qiao, B., Wu, J., Chu, Y. W., Wang, 
Y., Wang, D. P., Wu, H. S., & Xiong, S. 
D. (2005). Induction of systemic lupus 
erythematosus-like syndrome in 
syngeneic mice by immunization with 
activated lymphocyte - derived 
DNA.  Rheumatology, 44(9), 1108-
1114. 

13-Salem, C. M. E., & Murr, T. E. I. (2019). 
Case report and review of literature: an 
overlap syndrome of autoimmune hepatitis 
and systemic lupus erythematous. Clin Med 
Rev Case Rep, 6(1), 249-52. 

14-Salem, C. M. E., & Murr, T. E. I. (2019). 
Case report and review of literature: an 
overlap syndrome of autoimmune hepatitis 



Esmael et al., 

32 
s J Vet Res, 23(3), 2024 

and systemic lupus erythematous. Clin Med 
Rev Case Rep, 6(1), 249-52. 

15-Fang, X., Zaman, M. H., Guo, X., Ding, 
H., Xie, C., Zhang, X., & Deng, G. M. 
(2018). Role of hepatic deposited 
immunoglobulin G in the pathogenesis of 
liver damage in systemic lupus 
erythematosus. Frontiers in Immunology, 9, 
1457. 

16-Shahin, A. A., Alazkalany, G. S., 
Hasaballah, M. S., & Ewiela, A. S. A. 
(2017). Liver Involvement in Systemic 
Lupus Erythematosus Patients. Suez Canal 
University Medical Journal, 20(2), 161-167. 

17-Grover, S., Rastogi, A., Singh, J., 
Rajbongshi, A., & Bihari, C. (2014). 
Spectrum of histomorphologic findings in 
liver in patients with SLE: a 
review. Hepatitis Research and 
Treatment, 2014(1), 562979. 

18-Cairns, A., & McMahon, R. F. (1996). 
Giant cell hepatitis associated with systemic 
lupus erythematosus. Journal of clinical 
pathology, 49(2), 183-184. 

19-Runyon, B. A., LaBrecque, D. R., & 
Anuras, S. (1980). The spectrum of liver 
disease in systemic lupus erythematosus: 
report of 33 histologically-proved cases and 
review of the literature. The American 
journal of medicine, 69(2), 187-194. 

20, T., Yoshimine, T., Shimouchi, K., 
Shiotu, H., Kuwabara, N., Fukuda, Y., & 
Hoshi, T. (1992). The liver in systemic lupus 
erythematosus: pathologic analysis of 52 
cases and review of Japanese Autopsy 
Registry Data. Human pathology, 23(10), 
1151-1158. 

21-Zheng, R. H., Wang, J. H., Wang, S. B., 
Jie, C. H. E. N., Guan, W. M., & Chen, M. 
H. (2013). Clinical and immunopathological 
features of patients with lupus 
hepatitis. Chinese Medical Journal, 126(2), 
260-266. 

22-Zhang, S., Yang, Y., Fan, L., Zhang, F., 
& Li, L. (2020). The clinical application of 
mesenchymal stem cells in liver disease: the 
current situation and potential future. Annals 
of Translational Medicine, 8(8). 

23-Song, N., Scholtemeijer, M., & Shah, K. 
(2020). Mesenchymal stem cell 
immunomodulation: mechanisms and 
therapeutic potential. Trends in 
pharmacological sciences, 41(9), 653-664. 

24-Han, Y., Yang, J., Fang, J., Zhou, Y., 
Candi, E., Wang, J., & Shi, Y. (2022). The 
secretion profile of mesenchymal stem cells 
and potential applications in treating human 
diseases. Signal Transduction and Targeted 
Therapy, 7(1), 92. 

25-Wang, D., Wang, S., Huang, S., Zhang, 
Z., Yuan, X., Feng, X., & Sun, L. (2017). 
Serum IFN-γ predicts the therapeutic effect 
of mesenchymal stem cells transplantation 
in systemic lupus erythematosus 
patients. Stem Cells Translational 
Medicine, 6(9), 1777-1785. 

26-Jasim, S. A., Yumashev, A. V., 
Abdelbasset, W. K., Margiana, R., Markov, 
A., Suksatan, W., ... & Ahmadi, S. H. 
(2022). Shining the light on clinical 
application of mesenchymal stem cell 
therapy in autoimmune diseases. Stem Cell 
Research & Therapy, 13(1), 101. 



Esmael et al., 

33 
s J Vet Res, 23(3), 2024 

27-Huang, Y., Wu, Q., & Tam, P. K. H. 
(2022). Immunomodulatory mechanisms of 
mesenchymal stem cells and their potential 
clinical applications. International Journal 
of Molecular Sciences, 23(17), 10023. 

28-Mohammedsaleh, Z. M. (2022). The use 
of patient-specific stem cells in different 
autoimmune diseases. Saudi Journal of 
Biological Sciences, 29(5), 3338-3346. 

29-Wu, X., Jiang, J., Gu, Z., Zhang, J., 
Chen, Y., & Liu, X. (2020). Mesenchymal 
stromal cell therapies: immunomodulatory 
properties and clinical progress. Stem cell 
research & therapy, 11(1), 345. 

 

30-Eom, Y. W., Kang, S. H., Kim, M. Y., 
Lee, J. I., & Baik, S. K. (2020). 
Mesenchymal stem cells to treat liver 
diseases. Annals of Translational 
Medicine, 8(8). 

 

 

 

 

من نخاع العظم  وسیطة المشتقةالاحمراري والمعالجة بالخلایا الجدعیة ال                   
(BM-MSCS) 

             
 2وجدان مرزه عبد الحسین ,  2 محمود مجید  نور,  1حسن خلف علاوي  , 1غسان خضیر اسماعیل

 . كلیة الطب البیطري/ جامعة القادسیة/ العراق -1

 . كلیة طب الاسنان / جامعة القادسیة/ العراق-2

  الخلاصة

ضد   ذاتیة  مناعیة  مضادة  أجسام  بإنتاج  ویتمیز  والبشر،  الحیوانات  یصیب  ذاتي  مناعي  مرض  الاحمراري  الذئبة 
المصابة بمرض   BALB/C تبحث ھذه الدراسة في التغیرات التي طرأت على أنسجة الكبد لدى فئران   الجسم.بروتینات خلایا  

العظم نخاع  من  المشتقة  الوسیطة  الوسیطة  الجذعیة  الخلایا  تأثیرات  في  تبحث  كما  التغیرات   (BM-MCSs) الذئبة،  لعلاج 
فئران  من  فأرًا  أربعین  الدراسة  شملت  الأنسجة.  على  طرأت  التي  أربع BALB/C المرضیة  إلى  الحیوانات  وقسمت   ،

المجموعة بالتساوي. شملت  بالذئبة G1 مجموعات  المصابة  الذئبة، ثم عو G2 .الفئران  المصابة بمرض  الفئران  لجت  شملت 
. بعد انتھاء   PBS فقد اعطیت G4 فقط أما المجموعة     BM-MCSs فئران مصابة بالذئبة G3 أعُطیت المجموعة .بخلایا

بتركیز   الفورمالین  في  الكبد  وضع  تم  الحیوانات.  بجمیع  التضحیة  تمت  العلاج،  التشریح  10فترات  مختبر  إلى  وأرسلت   %
 المرضي لتحدید التغیرات المرضیة النسیجیة في جمیع مجموعات الدراسة. كانت التغیرات المرضیة النسیجیة في المجموعة

G1   مركزي وورید  شدید  ونزیف  جداً  واسعة  جیبیة  وجیوب  مائیة  كبدیة  وخلایا  مع ضمور  الكبد  في  شدید  نخر  عن  عبارة 
الكبد. یسبب مرض الذئبة تغیرات  بنیة طبیعیة لأنسجة   G4 و G3 خلایا كبد طبیعیة مع نخر طفیف. أظھر G2 محتقن. أظھر

یخفف أن  وبالامكان  الفئران؛  كبد  في  فئران MSC نسیجیة  في  ویعالجھا  للكبد  المرضیة  النسیجیة  التغیرات   BLAB/c من 
  .المصابة بالذئبة
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 . الكبد، الذئبة، الخلایا الجذعیة المساریقیة الفحص، الكلمات المفتاحیة:

 


